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Abstract. The purpose of this article is to provide a better understanding of how 
to effectively develop design projects that simultaneously leverage industry and 
academic partners, participants from various disciplinary backgrounds, and vari-
ous levels of expertise to solve complex problems. The article reports a single 
case of an ongoing project focused on designing smart and connected devices for 
mobility, which integrates the dimensions of interest. Our findings highlight the 
importance of careful planning of the collaborative process, contemplating of-
fline and real-time communication opportunities, identifying cross-boundary 
roles, and considering the development of shared expertise and knowledge within 
the team. By confronting these findings with key literature, we offer five recom-
mendations to inform similar future projects. 
Keywords: Design, Boundary Crossing, Complex Problems, Innovation, Pro-
ject Coordination. 
1 Introduction 
The nature of the open socio-technical problems [1] being tackled by institutions in 
society requires alternative working models that go beyond single actors and siloed 
monodisciplinary approaches. Different literature streams advance specific alternative 
models, yet they are still explored in a fragmented and dispersed way, revealing a need 
for further integration and synthesis. Advocates of the Open innovation paradigm [2] 
argue that inter-organization collaborations leverage distributed knowledge that to-
gether can contribute to the co-production of new innovative solutions for existing 
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problems. Here, Industry-Academia Collaborations (IACs) emerge as one particular 
mode of collaboration that brings its own set of challenges and opportunities [3]. The 
use of multidisciplinary approaches is also conceived as a way to discover novel ways 
of tackling complex problems, which would not be accessible with monodisciplinary 
approaches [4, 5]. Additionally, it is acknowledged that individuals with different levels 
of expertise [6] in design might perform differently when being assigned to specific 
activities [7]. In certain work settings, teams promoting interactions between individu-
als with different levels of expertise might enable the creation of new knowledge that 
can be instrumental for solution generation and evaluation [8]. In light of those obser-
vations, Industry-Academia Collaborations, multidisciplinarity and expertise-heteroge-
neous teams present alternative working modalities to support organizations in tackling 
contemporary problems. This work lies at the intersection of those three modalities of 
work, and aims to provide an understanding on how to effectively develop design-led 
projects that simultaneously involve industry and academic partners, participants from 
various disciplinary backgrounds, and with various levels of expertise to solve complex 
problems. It therefore responds to recent calls to systematize and boost the potential of 
IACs [9] and to explore the transference, multidisciplinary, and collaborative ap-
proaches [10]. 
In its aim, the project reported herein addresses a problem that can be described as 
‘wicked’ [1, 11]. Urban cycling is an inherently complex activity that occurs in a dy-
namic context, socially negotiated amongst other road or path users such as automotive 
drivers, other cyclists, and pedestrians. When combined with the search for smart tech-
nological solutions capable of facilitating or enhancing the cycling experience, this 
challenge becomes even more nuanced and multi-layered. As with any wicked problem, 
the focus of this project was subject to redefinition and resolution in different ways over 
time, it was to some extent subjective rather than objectively given, any possible solu-
tion has no ultimate test of validity, and any testing of solutions should take place in a 
real-life setting [12]. With this in mind, the project team was assembled not because of 
an arguably elusive shared understanding of design, its underlying assumptions and 
pathways to implementation, or because it possessed an agreed approach and method-
ology [11]. Rather, the project necessitated a purposely heterogeneous team, in three 
core respects. First, it brought together industry and academia capabilities in the form 
of an established technology development organization and a university. Second, it 
combined individuals from diverse engineering and design backgrounds. Third, it lev-
eraged novice-expert interactions through the inclusion of individuals at differing levels 
in their career. The research team was therefore uniquely placed to critically observe 
the development of the project and gather data on its effectiveness. 
This paper makes two main contributions for extant design literature. It integrates 
different research streams on design, computer sciences, management science, 
knowledge management to provide a more robust understanding of how to conduct 
projects that simultaneously enable the collaboration between industry and academia, 
across disciplines, and involving different levels of expertise. Additionally, it provides 
an inside view of an ongoing short-term design-led project and details how this in-
formed recommendations for conducting similar projects. The rest of the paper com-
prises four additional sections. In the following section, relevant literature is reviewed 
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according to three core themes of this paper: industry-academia collaborations, 
knowledge diversity, and levels of experience and expertise. In the third section, we 
describe our work approach, providing detail about the team composition, how collab-
oration was established and sustained in light of the restrictions created by the Covid-
19 pandemic, and the design process implemented. In the fourth section, discussion of 
our experiences and findings in the context of relevant literature helped uncover five 
recommendations that we propose for similar projects in the future. Finally, we con-
clude the paper by summarizing its main content and identifying avenues for further 
work. 
2 Related work 
2.1 Academia and industry 
Designing effective technology is a dynamic and unpredictable pursuit, predicated on 
complex socio-technical factors and ultimately validated by market acceptance. To this 
end, the Open Innovation paradigm advocates inter-organization collaboration as a 
pathway to technological advancement, incorporating internal as well as external ideas 
into sustainable business models [2]. Open Innovation therefore thrives on an abun-
dance of knowledge that is freely transferred between the various institutional actors 
involved, who in turn contribute to the co-production of more competitive products and 
services [10]. One renowned example of inter-organization partnerships in this domain 
are Industry-Academia Collaborations (IACs), which have recently been analysed at 
length [9]. IACs are the cornerstone of contemporary applied research and develop-
ment, often being an indicator of potential real-world impact and a requirement for ob-
taining funding. Nevertheless, implementing IACs in practice produces varying results, 
which can be explained at least in part by understanding the boundary between an or-
ganization and external actors as a semipermeable membrane [3]. This means 
knowledge flows through it to varying degrees and at different rates. This is conceptu-
alized in the model proposed by Wohlin [13], which contemplates five levels of close-
ness between industry and academia. In the first three levels of this model - named ‘Not 
in touch’, ‘Hearsay’, and ‘Sales pitch’ - the link between industry and academia is non-
existent or extremely tenuous. It can therefore be argued that true IACs only take place 
at levels 4 and 5, where a two-way connection occurs between industry and academia 
with a view to collaboratively identifying a problem and working towards a solution 
(‘Offline’ at level 4 and as ‘One team’ at level 5). 
A considerable amount of work has gone into identifying barriers to successful IACs, 
as well as advancing best practices to address them. While it is beyond the scope of this 
paper to delve too deeply into these topics, we refer to the work of Garousi et al. [14] 
for a comprehensive analysis of this literature. In brief, those authors identified ten cat-
egories of challenges. The largest of these categories, labelled ‘mismatch between in-
dustry and academia’, includes differences in objectives (citing [15–17]), reward sys-
tems (citing [18–20]), and time horizons. Garousi et al. [14] observe that the latter may 
constitute the most common challenge, as it was mentioned in over a quarter of all 
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studies surveyed. Importantly, challenges and best practices are interconnected, there-
fore early awareness of potential IAC challenges is crucial for planning and risk man-
agement of such projects. Although progress has been slow to date, it has been noted 
that it is timely to take advantage of strong bilateral enthusiasm to systematize and 
increase efforts towards fruitful industry-academia collaborations [9]. 
2.2 Leveraging knowledge diversity 
Innovation is likewise boosted by the availability of and recourse to diverse knowledge. 
Indeed, combining various areas of expertise may help uncover novel ways of solving 
complex problems that would not be possible if a more domain-specific approach were 
taken [4, 5]. Such collective creativity [21] tends to occur by combining disciplines or 
knowledge domains, conceptualized as three distinct but related approaches. From least 
to most integrated, these are: multidisciplinarity, where collaboration occurs between 
disciplines but disciplinary boundaries are not crossed; interdisciplinarity, where some 
cross-pollination occurs between disciplines working towards a coordinated and coher-
ent goal; and transdisciplinarity, where disciplines fully merge amongst themselves. 
For a current and comprehensive discussion of these terms, we recommend the work of 
Moirano et al. [22]. Those authors argue that collaboration across disciplines is also 
integral to the development of learners in an educational context, who gain substantially 
in cognitive functions such as originality, fluency and flexibility, and problem-solving 
skills in real-world settings. However, despite their compelling and multi-layered ben-
efits, any type of collaboration involving various disciplines is not without challenges. 
Ironically, the knowledge diversity that can be harnessed as a vehicle for creativity and 
innovation may also act as a barrier to such processes [23]. 
 Here, as with the IACs discussed above, it is worth considering the literature on 
boundaries in order to identify a possible way forward. We begin by summarizing the 
three principal types of knowledge boundary, as described in [24]. A syntactic 
knowledge boundary happens when there is no shared syntax, thus fostering concern 
that information is not properly processed across a given boundary. A semantic 
knowledge boundary happens when, even though there is a common syntax, differing 
interpretations of the common syntax make communication and collaboration difficult. 
Pragmatic knowledge boundary happens when actors are resistant to transforming their 
existing knowledge and skills to achieve a common goal. The concepts of boundary 
crossing objects [25, 26] and individuals [27] have been explored as ways to negotiate 
these knowledge boundaries. These constitute artifacts or people that are flexible 
enough to allow different groups to work together without consensus, but also robust 
enough to maintain a common identity across different contexts [26]. Boundary objects 
need not be tangible and may include figures of speech or renaming a concrete phe-
nomenon in a metaphorical manner, especially in the sharing of tacit knowledge and 
understanding between people [28]. More recently, it has been noted that a design ap-
proach itself can serve as an interactive boundary object, as it facilitates interactions 
across disciplines [29].  
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2.3 From novices to experts 
Individuals have different levels of proficiency in applying their skills and the implica-
tions of progressing from lower to higher levels through practical experience or educa-
tion are well known. Notably, Dreyfus and Dreyfus [6] propose that, during the devel-
opment of a skill, individuals go through five levels (novice, advanced beginner, com-
petent, proficient, and expert) and operate differently. Those differences include that 
more skilled individuals might change from relying on abstract principles to their con-
crete experience, or that they might shift their understanding of a situation from a com-
pilation of equally relevant parts to a whole in which only certain parts are essential. 
The Dreyfus Model of general skills development is originally grounded on studies of 
chess players, army tank drivers, air force pilots and commanders [6, 30, 31], although 
later studies expand the focus and considerations to healthcare professionals such as 
nurses [32], educators [33] and others. Based on an understanding of how expertise is 
built, studies derive specific implications for instruction to facilitate a successful pro-
gression [34]. 
The design research community also makes specific efforts to depict the nature of 
design expertise [35, 36] and to provide a better understanding of the differences be-
tween novices and experts in design. While adopting the Dreyfus Model as a theoretical 
basis to better appreciate the development and progression from lower to higher levels 
of design skills by design students, academics reflect on some of the limitations of the 
general skills development model, propose a version of the framework centred upon 
design, and call for more research on the transformations of designers [7]. Other studies 
continue to elaborate further on the behavioural and cognitive distinctions between de-
sign novices and experts during design processes and contribute to the consolidation of 
knowledge on those individual differences [37, 38]. Conversely, some academics shift 
the focus to the implications of interpersonal novice-expert interactions in design engi-
neering activities, which implies a change in the unit of analysis from skilled individu-
als to heterogeneously-skilled groups [8]. Empirical evidence on the matter reveals that 
such interactions create new opportunities for knowledge sharing and knowledge crea-
tion [8]. In other words, evidence suggests that while being integrated, novices and 
experts might have the opportunity to learn from each other’s experiences (knowledge 
sharing) and to expand the existing knowledge base (knowledge creation) that was pre-
viously available for each. 
 
3 Work Approach 
This case study reports on an ongoing short-term project that leverages an industry-
academia collaboration, multidisciplinarity, and heterogeneous competency levels to 
foster the development of smart and connected devices for sustainable mobility. This 




3.1 The team 
The project team includes eight participants that differ in their roles, backgrounds, and 
skills. These include two final-year undergraduate design students (#7; #8) who are 
doing their internship in the project’s industry partner and are directly tasked with de-
signing the connected devices for mobility. These student interns are co-supervised by 
a senior design scholar (#3) and by an engineer who works as a senior project manager 
in the organization (#5). The team also includes a senior scholar and researcher (#4) 
who is involved as the project manager and coordinator from the academic institution, 
a head of the engineering department (#6) who is involved as a representative of the 
company, and two post-doctoral design researchers (#1; #2). Further details about the 
team are summarized in Table 1. 
Table 1. Summary of project team characteristics. 
Institutional provenance No. of team members IDs 
Academia 4 #1, #2, #3, #4 
Industry 2 #5, #6 
Academia-industry internship 2 #7, #8 
Principal knowledge domain No. of team members IDs 
Design 5 #1, #2, #3, #7, #8 
Engineering 3 #4, #5, #6 
Expertise in role No. of team members IDs 
0-3 years 2 #7, #8 
4-9 years 3 #1, #5, #6 
10 or more years 3 #2, #3, #4 
3.2 The collaboration approach 
Due to the constraints created by the Covid-19 pandemic, all project participants had to 
work in a distributed manner, either from home or from their institutions’ facilities, 
located in different geographical areas. That distributed working modality introduced 
challenges for the desired direct and continuous collaboration between project partici-
pants. For asynchronous sharing, the team used Microsoft Teams, in particular for pre-
liminary information that could affect or inform the design activities. Many challenges 
were minimized through the use of digital technologies that allowed team members to 
meet online synchronously.  
Two types of online sessions were held with all team members. First, an early project 
kick-off session was held via Zoom (digital platform), to provide an overview of the 
project aims, introduce the different team members and their roles, suggest the project 
coordination model, and to propose the design brief and the general design process that 
would be followed, in particular by the undergraduate design students. Second, there 
were three general project-progress sessions, lasting between 90 and 120 minutes. Here, 
the focus was for all participants to share their feedback on the evolving design concepts 
for the connected devices. 
The team members also had frequent synchronous meetings between different par-
ticipants right from the start of the project, to enable collaboration. Notably, there were 
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60-minute weekly online meetings between the two student interns (#7; #8), their in-
dustry co-supervisor in the organization (#5), and a researcher (#1) to follow their pro-
gress on the design activities and provide feedback. Those sessions always took place 
via Zoom, although sometimes some participants (#5, #7; #8;) were able to meet in 
person at the organization. The two undergraduate design students (#7; #8) also had 
weekly meetings with their academic supervisor (#3). Sometimes there was the oppor-
tunity to merge the aforementioned sessions to provide an integrated industry-academia 
view on the progress.  When appropriate, the researcher (#2) and/or the coordinator 
from the academic institution (#4) were invited to take part in those weekly sessions.  
3.3 The design process 
It was agreed at start of the project that the design work developed by the student interns 
would follow the four main steps of the Double Diamond framework (Fig. 1), although 
the micro activities involved in each stage were defined in partnership with their super-
visors (#5; #3). The students were encouraged to learn about the company, the technol-
ogies and products of interest, and its customers, in order to understand and (re)frame 
the original brief during the first two stages and to design suitable concepts for con-
nected devices for sustainable mobility during the last two steps. 
 
 
Fig. 1. Project plan including timeline, main synchronous team meetings, and sample design 
activities. 
The following section describes three project elements of particular interest because 
they very clearly functioned as boundary objects in that they responded to the infor-
mation needs [26] and work requirements [39] of all team members, irrespective of 
their individual knowledge or experience characteristics. In line with the original con-
cept put forward by Star [25], the examples provided below were shared and shareable 
across different problem solving contexts. These research and design activities were 
8 
 
informed by a Human-Centred Design (HCD) approach, employing recommended 
methods for each phase of the HCD process [40]. These were selected in light of several 
considerations, not least of which was their appropriateness for use while restrictions 
related to the Covid-19 pandemic were in place. 
User Survey. For the Understand and specify context of use phase of the HCD process, 
a survey of cyclists’ experiences was conducted through an online questionnaire. This 
method was deemed particularly appropriate as it would allow a diverse audience to be 
reached in a relatively expedient manner, which suited the project’s objectives and 
timeframe. The questionnaire was designed for the purpose of this project and included 
sections on participant demographics, cycling habits, and consumer preferences related 
to bicycle accessories and technologies. This questionnaire was widely circulated 
across six countries (Portugal, Spain, France, Germany, Switzerland, Brazil) and ob-
tained 190 responses. 
Personas. Personas were used for the Specify the user and organizational requirements 
phase of the HCD process. Results from the aforementioned survey were used to de-
velop four personas, as illustrated in Figure 2, following the goal-based approach pro-
posed by Cooper [41]. Of these personas, three were male and one was female, roughly 
representing the gender distribution of the survey respondents (55.8% identifying as 
male, 41.1% identifying as female, and the remainder preferred not to say). 
 
Fig. 2. Sample persona development based on user survey results. 
During a team meeting (no. 8 in Fig. 1), preliminary design concepts and user require-
ments were discussed using the personas. Seven team members took part in this meet-
ing, including user researchers, designers, developers, and team leaders. 
Prototyping. Design concepts were developed primarily by the student interns, with 
input from all team members at various stages of the project. Group meetings (see Fig. 
1) as well as more dedicated interactions with the student interns and their evolving 
concepts allowed several types of product considerations to be incorporated, including 
but not limited to human factors, form factors, materials, and technical feasibility. This 
was naturally an iterative design process, commencing with ideation and producing two 
final design concepts. Each concept was more or less robustly prototyped, according to 




Fig. 3. Final prototypes for the two design concepts: on the left, a sensing box; on the right, an 
LED information display. 
4 Reflections 
Although this IAC project is still ongoing, many achievements have been made in four 
months. At this point, we are able to share some experiences regarding various aspects 
of this multidisciplinary collaboration and to reflect on our progress thus far. We dis-
cuss these here, highlighting our recommendations for similar projects in the future.  
Taking the model of industry-academia closeness proposed by Wohlin [13], we po-
sition our work between levels 4 and 5. The circumstances precipitated by the Covid-
19 pandemic meant that much of the work was conducted remotely, corresponding to 
level 4 of this model in which actors from academia work towards a solution offline. 
The model then suggests that a pre-packaged solution is offered to industry, which may 
lack the relevance or specificity to be implemented in practice. However, the collabo-
ration approach adopted in this project meant that team members had an abundance of 
opportunities to feed into draft solutions and to respond to subsequent iterations, either 
through occasional in-person interactions (e.g., between the student interns and their 
supervisors) or through the regular online meetings. We argue that these were instances 
of working as one team (level 5 of Wohlin’s model), which were facilitated by the early 
definition of an appropriate communication plan comprising synchronous and asyn-
chronous channels to be used by all throughout the project. Responding to the call by 
Garousi et al. [9] to inform more productive industry-academia collaborations, our first 
recommendation is that, even if co-located teams are not feasible, the work plan 
should include from the outset sufficient and robust opportunities for collabora-
tion in real time. Such synchronous moments of collaboration must be inclusive of all 
team members, from both industry and academia. 
There was considerable knowledge diversity within the team, whose members’ back-
grounds included multiple branches of two main disciplines - design and engineering. 
In this context, elements such as the user survey, personas, and prototypes served as 
boundary crossing objects [25, 26], enabling all team members to convene around 
shared knowledge within the scope of the project. This is in line with [28, 29]. More 
interesting, though, was the role played by boundary crossing individuals [27] within 
the project. The more consistent boundary crossing was undertaken by the student 
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interns, who were closely supervised by a design scholar and by an engineer within the 
partner industry and who therefore necessarily operated between academia and indus-
try, as well as between the disciplinary boundaries they comprised. Similarly, the two 
post-doc researchers also operated as boundary spanning individuals, as their work con-
nected them to all information areas within the project (ranging from the student interns 
to more senior team members) and therefore uniquely placed to disseminate new infor-
mation and ideas amongst the rest of the team [27]. This lends evidence to our second 
recommendation, which is to formalize the requirement for boundary crossing roles 
at the start of the project and to be explicit about who will play those roles. This 
requires having appropriate skills to not limit their work to their knowledge domain. 
Concerning individual competency development through different levels, this pro-
ject revealed various findings that might be relevant for future initiatives. This project 
supports the idea by Dorst and Reymen [7] that design students can reveal different 
levels of individual competency in relation to a single domain (in this case, design) or 
project since the types of activities conducted by each student intern were very diverse, 
and they were not equally skilled in those activities. Similar observations were made 
about the academics and professionals with different backgrounds who were involved 
in the project. That means that the characterization of individuals in a single level of 
competency might be ineffective at times, since individual team members might be 
novices in some activities while simultaneously experts in other activities that are as-
sociated with the same overarching domain (researcher, designer, engineer, etc.). Based 
on that observation, we recommend an early focus on obtaining a more granular 
understanding of individual skills for specific tasks, as opposed to inferring exper-
tise from an overall domain, to expedite team building and project coordination 
activities (e.g., division of labour).  
The project further revealed that the combination of a learning-by-doing approach 
(in which opportunities were created for team members with different roles and respon-
sibilities to apply their skills in project activities) and a more structured instructional 
approach (joint expert feedback sessions) became complementary in supporting the in-
dividual competency development. Notably, while the first enabled participants to ex-
ecute tasks and develop tacit knowledge that is not easily articulated or communicated, 
the second provided access to more formalized knowledge and created some room for 
reflection upon the doings. With that in mind, we suggest that future projects should 
not only include opportunities for learning-by-doing, but also more structured 
learning initiatives to allow individuals to uplift their skills.  
Moreover, our findings support the argument that novice-expert interactions in de-
sign engineering activities can contribute to creating new (specific) knowledge [8]. In 
this case, the interactions proved to be essential for creating new knowledge (concepts, 
ideas, models) concerning sustainable mobility and connected devices, which over time 
have become shared across the team members involved in the project. That suggests 
that team members in general also gradually evolved to more skilled professionals in 
designing connected devices for mobility due to the lived experiences accumulated 
throughout this project. Interestingly, it was apparent during the project that the new 
shared knowledge on cycling devices was facilitating the communication between team 
members. In light of these observations, we recommend that future endeavours should 
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not only take into consideration individual skill development, but also the formation of 
new knowledge and skills shared at the group level as they might work as intangible 
boundary objects that enable a better understanding between individuals [28]. 
Finally, in this section we have highlighted the main findings and recommendations 
that we believe might have the potential to inform comparable projects in the future. 
Still, we are aware that these observations are based on a single and ongoing case, and 
therefore they should be taken mindfully. Further studies on design projects that lie at 
the intersection between industry-academia collaborations, knowledge diverse and 
competence-heterogeneous individuals should be pursued to validate or challenge the 
main points made in this article. 
5 Conclusions 
This paper reports on an ongoing short-term collaborative project, which aims to de-
velop innovative concepts for smart and connected cycling. This project brings together 
a heterogeneous team in terms of three core factors that are known to enhance innova-
tion potential: (i) industry-academia collaboration, (ii) knowledge diversity, and (iii) 
different levels of experience and expertise. Effectively assembling such a diverse team 
to work together towards a common goal can incur known challenges, which here in-
volved additional limitations related to the Covid-19 pandemic. In this case study, we 
describe the project progress focusing specifically on the initial planning, team collab-
oration, and how the design activities are being implemented throughout the project. 
We conclude by reflecting on the project outcomes so far, framed within relevant liter-
ature on pathways to industry-academia collaboration, integrating knowledge diversity, 
boundary negotiations, individual competency development, and knowledge implica-
tions led by interpersonal novice-expert interactions. In doing so, we offer main empir-
ical findings and five recommendations for similar collaborative projects in the future. 
We believe this paper makes a timely contribution to current discussions around multi-
actor design projects in different cross-boundary contexts. 
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